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(54)  Jelly-roll type electrode assembly and manufacturing method thereof

(67)  Thepresentinvention refers toa method of man-
ufacturing an electrode assembly for a secondary battery
as well as to the electrode assembly produced by the
method. The method comprises the steps of:

i) forming a jelly-roll by sequentially stacking and winding
a positive electrode plate, a separator having a polymer
binder coating thereon, and a negative electrode plate;
and

i) pressing the jelly-roll through a heat press process.
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Description

[0001] The present invention relates to a method of
manufacturing an electrode assembly for a secondary
battery as well as to the electrode assembly produced
by the method.

DESCRIPTION OF THE RELATED ART

[0002] As the developments and demands of technol-
ogies for mobile devices are increased, demands on sec-
ondary batteries are rapidly increased as energy sources
of the mobile devices. Secondary batteries may be gen-
erally classified into cylinder-type, prism-type (prismatic),
and pouch-type batteries according to external and in-
ternal structural features thereof. Prism-type and pouch-
type batteries may be particularly suitable as mobile de-
vices are miniaturized.

SUMMARY

[0003] According to the presentinvention, there is pro-
vided a method of manufacturing an electrode assembly
for a secondary battery. The method comprises the steps
of:

forming a jelly-roll by sequentially stacking and wind-
ing a positive electrode plate, a separator having a
polymer binder coating thereon, and a negative elec-
trode plate; and

pressing the jelly-roll through a heat press process.

[0004] Preferably, the polymerbinderis polyvinylidene
fluoride (PVdF). The heat press process may be per-
formed such that a ratio of a FT-IR signal measured at a
wave number of 796 cm™! or 976 cm! representing an
alpha phase of the PVdF to a FT-IR signal measured at
a wave number 841 cm™! representing a beta phase of
the PVdF is in the range of 1 to 3, especially in the range
of 1.5t0 2.5.

[0005] The heat press process may include pressing
the jelly-roll with a pressure of 100 to 500 kgf. Further,
the heat press process may be performed at a temper-
ature of 80 to 130°C. The heat press process may be
performed for 60 to 150 seconds.

[0006] Preferably, a ceramic layer is coated between
the separator and the polymer binder.

[0007] According to another aspect of the present in-
vention, there is provided an electrode assembly pro-
duced by the method as described before.

[0008] The polymer binder may be polyvinylidene flu-
oride (PVdF). Preferably, a ratio of a FT-IR signal meas-
ured at a wave number of 796 cm-1 or 976 cm-" repre-
senting an alpha phase of the PVdF to a FT-IR signal
measured at a wave number 841 cm™! representing a
beta phase of the PVdF is in the range of 1 to 3, especially
in the range of 1.5 t0 2.5.
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[0009] Tthe positive electrode plate may include a pos-
itive electrode tab coupled to an end of a positive elec-
trode collector, the positive electrode collector having a
positive electrode active material layer thereon. The neg-
ative electrode plate may include a negative electrode
tab coupled to an end of a negative electrode collector,
the negative electrode collector having a negative elec-
trode active material layer thereon. The positive elec-
trode active material layer may include lithium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Features will become apparent to those of skill
in the art by describing in detail example embodiments
with reference to the attached drawings in which:

FIG. 1 illustrates a perspective view of an electrode
assembly.

FIG. 2 illustrates a sectional view of a separator ac-
cording to an example embodiment.

FIG. 3A illustrates a view showing a state in which
a press process is performed on ajelly-roll type elec-
trode assembly having no polyvinylidene fluoride
(PVdF) coated on a separator.

FIG. 3B illustrates a view showing a state in which
apress process atambienttemperature is performed
on the jelly-roll type electrode assembly having the
PVdF coated on the separator.

FIG. 3C illustrates a view showing a state in which
a heat press process is performed on the jelly-roll
type electrode assembly having the PVdF coated on
the separator.

FIG. 4 illustrates a view showing different crystalline
conformations of PVdF.

FIG. 5A illustrates a table showing a result obtained
by measuring alpha and beta phases at a specific
wave number of the PVdF subjected to a press proc-
ess at ambient temperature.

FIG. 5B illustrates a table showing a result obtained
by measuring alpha and beta phases at a specific
wave number of the PVdF subjected to a heat press
process.

FIG. 6 illustrates a sectional view of a separator ac-
cording to another example embodiment.

FIG. 7 illustrates a graph showing a change in volt-
age when arelated art electrode assembly is initially
charged and a change in voltage when the electrode
assembly subjected to the heat press process ac-
cording to an example embodiment is initially
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charged.

FIG. 8 illustrates a graph showing a change in thick-
ness when the electrode assembly subjected to the
normal temperature press process is charged and a
change in thickness when the electrode assembly
subjected to the heat press process according to an
example embodiment is changed.

DETAILED DESCRIPTION

[0011] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings.

[0012] It will be understood that when an element is
referred to as being "between" two elements, it can be
the only element between the two elements, or one or
more intervening elements may also be present. In ad-
dition, when an element is referred to as being "on" an-
other element, it can be directly on the another element
or be indirectly on the another element with one or more
intervening elements interposed therebetween. Also,
when an element is referred to as being "connected to"
another element, it can be directly connected to the an-
other element or be indirectly connected to the another
element with one or more intervening elements inter-
posed therebetween. In the drawings, the thickness or
size of layers are exaggerated for clarity and not neces-
sarily drawn to scale.

[0013] FIG. 1 illustrates a perspective view of an elec-
trode assembly according to an example embodiment.
[0014] Referringto FIG. 1, the electrode assembly 100
includes a positive electrode plate 110 (which is formed
by connecting a positive electrode tab 111 to one end of
a positive electrode collector having a positive electrode
active material layer formed thereon), a negative elec-
trode plate 120 (which is formed by connecting a negative
electrode tab 121 to one end of a negative electrode col-
lector having a negative electrode active material layer
formed thereon), and a separator 130 interposed be-
tween the positive and negative electrode plates 110 and
120. The positive electrode plate 110, the separator 130,
and the negative electrode plate 120 are sequentially
stacked and then wound in a jelly-roll shape. The elec-
trode assembly 100 may be part of a secondary battery,
in particular lithium secondary battery.

[0015] The positive electrode plate 110 includes the
positive electrode collector and the positive electrode ac-
tive material layer. The positive electrode active material
layermay include a layered compound containing lithium,
a binder for improving a coupling force, and a conducting
material for improving conductivity. The positive elec-
trode collector is generally made of aluminum. The pos-
itive electrode collector becomes a movement path of
electric charges generated in the positive electrode ac-
tive material layer, and performs a function of supporting
the positive electrode active material layer. A positive
electrode non-coating portion (not shown) having no pos-
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itive electrode active material layer formed thereon is
formed in the positive electrode plate 110, and the pos-
itive electrode tab 111 is connected to the positive elec-
trode non-coating portion. The positive electrode tab 111
is generally made of aluminum, aluminum alloy, nickel
or nickel alloy, etc.

[0016] The negative electrode plate 120 includes the
negative electrode collector and the negative electrode
active material layer. The negative electrode active ma-
terial layer may include hard carbon or graphite contain-
ing carbon, which is frequently used, and a binder for
improving a coupling force between active material par-
ticles. The negative electrode collector is generally made
of copper. The negative electrode collector becomes a
movement path of electric charges generated in the neg-
ative electrode active material layer, and performs a func-
tion of supporting the negative electrode active material
layer. A negative electrode non-coating portion (not
shown) having no negative electrode active material lay-
er formed thereon is formed in the negative electrode
plate 120, and the negative electrode tab 121 is connect-
ed to the negative electrode non-coating portion. The
negative electrode tab 121 is generally made of alumi-
num, aluminum alloy, nickel or nickel alloy, etc.

[0017] The separator 130 is interposed between the
positive and negative electrode plates 110 and 120 so
as to insulate the positive and negative electrode plates
110 and 120 from each other. The separator 130 allows
ions of the positive and negative electrode plates 110
and 120 to pass therethrough. The separator 130 is made
of polyethylene (PE) or polypropylene (PP), etc. The sep-
arator 130 may include an electrolyte or may be formed
in a liquid or gel phase, etc.

[0018] FIG. 2illustrates a sectional view of a separator
according to an example embodiment.

[0019] Referring to FIG. 2, a polymer binder is coated
on the separator 130. The polymer binder may be, for
example, polyvinylidene fluorine (PVdF). PVdF is a pol-
ymer, which exhibit pronounced polymorphic crystalline
forms, depending on crystallization conditions. Three
main different crystalline modifications, i.e., a (TGTG’),
B(TTTT),andy(TTTGTTTG’) have been reported so far,
depending on the chain conformations as trans (T) or
gauche (G) linkages (see Figure 4).

[0020] The positive electrode plate 110, the negative
electrode plate 120 and the separator 130 are sequen-
tially stacked with the separator 130 interposed between
the positive and negative electrode plates 110 and 120.
The positive electrode plate 110, the negative electrode
plate 120 and the separator 130 are wound using, e.g.,
amandrel device. Then, one or both surfaces of the elec-
trode assembly 100 are pressed through a heat press
process.

[0021] When heatis applied to the electrode assembly
100, the phase of the PVdF coated on the separator 130
is changed and adhesion is improved. The positive and
negative electrode plates 110 and 120 are adhered by
the adhesion with the separator 130 interposed therebe-
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tween, and the positive electrode plate 110, the separator
130 and the negative electrode plate 120 are adhered
closely to one another so as to maintain the adhered
state even after the heat press process is finished. The
adhesion is achieved by the polymer binder.

[0022] The heat press process may be performed with
a pressure of 100 to 500 kgf, e.g., about 200 kgf, at a
temperature of 80 to 130°C for 60 to 150 seconds. In a
case where the temperature is 80°C or more, the effect
of maintaining the adhesion among the positive electrode
plate 110, the separator 130, and the negative electrode
plate 120 is enhanced. In a case where the temperature
is 130°C or less, pores of the separator 130 may not be
blocked due to a change in the material of the separator
130. The a-phase is developed directly from the melt and
the PVdF coating usually shows a-phase conformation.
During the heat press process, a (partial) conversion of
a- into B-phase PVdF takes place, when the heat press
process is performed under the conditions as mentioned
above. In order to determine the fraction of the contents
of a- and B-phase present, IR absorption bands at 796
cm-1 and 976 cm-! and 841 cm-1, characteristics of the
a and B-phases, respectively can be used. In particular,
the heat press process may be performed such that a
ratio of a FT-IR signal measured at a wave number of
796 cm! or 976 cm! representing the alpha phase of
the PVdF to a FT-IR signal measured at a wave number
841 cm-! representing the beta phase of the PVdF is in
the range of 1 to 3, especially in the range of 1.5 to 2.5.
[0023] FIG. 3A illustrates a view showing a state in
which a normal temperature press process (at ambient
temperature) is performed on a jelly-roll type electrode
assembly having no PVdF coated on a separator. FIG.
3B is a view showing a state in which the normal tem-
perature press process (at ambient temperature) is per-
formed on the jelly-roll type electrode assembly having
the PVdF coated on the separator. FIG. 3C is a view
showing a state in which a heat press process is per-
formed on the jelly-roll type electrode assembly having
the PVdF coated on the separator.

[0024] Referring to FIG. 3A, it can be seen that a gap
occurs between the positive and negative electrode
plates after the normal temperature press process is per-
formed. In FIG. 3B, it can also be seen that a certain gap
occurs between the positive and negative electrode
plates even though the adhesion is higher than that in
FIG. 3A.

[0025] However, referring to FIG. 3C, it can be seen
that in the jelly-roll type electrode assembly having the
PVdF coated on the separator, the adhesion between
the positive and negative electrode plates is substantially
maintained even after the heat press process is per-
formed, thereby maintaining the reduced thickness of the
electrode assembly when the heat press process is per-
formed. Without being bound by theory, it is believe that
this is because the positive and negative electrode plates
are adhered to the separator by the thermal deformation
of the PVdF coated on the separator.
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[0026] After the heat press process is performed on
the electrode assembly 100, the PVdF coated on the sep-
arator 130 may form a mixture of an alpha or beta solid
structure shown in FIG. 4(a) or 4(b) according to the crys-
tallization temperature when being quenched in a melting
state. The PVdF coated on the separator 130 forms an
alpha or a gamma solid structure shown in FIG. 4(c) in
a casting state.

[0027] FIG. 5Ais a table showing a result obtained by
measuring alpha and beta phases at a specific wave
number of the PVdF subjected to a normal temperature
press process. FIG. 5B is a table showing a result ob-
tained by measuring alpha and beta phases at a specific
wave number of the PVdF subjected to a heat press proc-
ess at 105°C. Contents of the alpha and beta phases are
measured by FT-IR (Fourier Transform Infrared Spec-
troscopy; ambient temperature).

[0028] Referringto FIG.5A, inacase wherethe normal
temperature press process is performed, the average
values obtained by dividing a beta phase measured at a
specific wave number of 841 cm™! into alpha phases
measured specific wave numbers of 976 cm-! and 796
cm-1 are 5.263 and 3.591, respectively.

[0029] On the other hand, referring to FIG. 5B, in a
case where the heat press process is performed, the val-
ues obtained by dividing the beta phase measured at a
specific wave number of 841 cm- into the alpha phases
measured specific wave numbers of 976 cm-! and 796
cm-1 are 2.119 and 2.143, respectively. Thus, it can be
seen that parts of the a-phase of PVdF is converted in
to the B-phase.

[0030] Thus, in a case where the heat press process
is performed on the electrode assembly 100, the alpha
phase of the PVdF coated on the separator is decreased,
and the beta phase of the PVdF coated on the separator
is increased. Accordingly, the value obtained by dividing
the beta phase into the alpha phase is decreased.
[0031] FIG. 6illustrates a sectional view of a separator
according to another example embodiment.

[0032] Referring to FIG. 6, a ceramic layer is coated
on one surface of the separator 130, and PVdF is coated
on the other surface of the separator 130 and the ceramic
layer.

[0033] In acase where the ceramic layer is coated be-
tween the PVdF and the separator 130, it is possible to
improve the adhesion between the positive electrode
110, the separator 130, and the negative electrode plate
120. Porosity may be high because of characteristics of
the ceramic layer. Thus, the moisturization of an electro-
lyte may be fast, so that the injection speed of the elec-
trolyte may be increased. Further, the stability of the elec-
trolyte may be enhanced, so that battery lifetime and dis-
charging characteristics may be improved.

[0034] An example embodiment of a manufacturing
method of a secondary battery including an electrode
assembly will now be described.

[0035] According to the present example embodiment,
first, a positive electrode plate, a separator having PVdF
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as a polymer binder coated on both surfaces thereof, and
a negative electrode plate are sequentially stacked and
then wound, thereby forming a jelly-roll. Subsequently,
the jelly-roll is pressed through a heat press process. In
the present example embodiment, the heat press proc-
ess is performed with a pressure of 100 to 500 kgf, e.g.,
about 200 kgf, at a temperature of 80 to 130°C for 60 to
150 seconds. Finally, the jelly-roll subjected to the heat
press process is accommodated in a prismatic battery
case, and the battery case having an electrolyte injected
therein is sealed, thereby manufacturing the secondary
battery. Upon increasing the temperature, the o to p-
phase transformation is increased. However, for temper-
atures above 130°C, the resulting material consists pre-
dominantly of oriented a-phase. Thus, rising the temper-
ature to much reduces the o to B-transformation efficien-
cy.

[0036] In the present example embodiment, a small
amount of the electrolyte is generally injected into the
battery case, and pre-charging is generally performed to
activate the battery in a state in which the injection hole
of the battery case is not sealed. Subsequently, gas gen-
erated in initial charging is degassed, and the electrolyte
is again injected into the battery case. Subsequently, an
aging process is performed to provide a time at which
the electrolyte can be uniformly distributed, and the bat-
tery case is then sealed for performing secondary charg-
ing.

[0037] FIG. 7 illustrates a graph showing a change in
voltage when a related art electrode assembly is initially
charged and a change in voltage when an electrode as-
sembly subjected to the heat press process according to
an example embodiment is initially charged.

[0038] Comparative Example 1 shows a result of the
electrode assembly on which the normal temperature
press process is performed in a state in which no PVdF
is coated on the separator. Comparative Example 2
shows a result of the electrode assembly on which the
normal temperature process is performed in a state in
which the PVdF is coated on the separator. The Example
shows a result of the electrode assembly on which the
heatpress process according to an example embodiment
is performed in a state in which the PVdF is coated on
the separator.

[0039] Referring to FIG. 7, it can be seen that the ov-
ervoltage in initial charging in the Example is decreased
as compared with that in Comparative Examples 1 and
2. Without being bound by theory, it is believed that this
is because the positive electrode plate, the separator,
and the negative electrode plate are maximally adhered
to one another in the electrode assembly subjected to
the heat press process, and thus, the non-uniformity of
a non-charging region in the initial charging is improved
as compared with thatin Comparative Examples 1 and 2.
[0040] FIG. 8 illustrates a graph showing a change in
thickness when the electrode assembly subjected to a
normal temperature press process is charged and a
change in thickness when the electrode assembly sub-
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jected to the heat press process according to an example
embodiment is changed.

[0041] Referring to FIG. 8, in the electrode assembly
subjected toa normal temperature press process accord-
ing to a comparative example, a change in thickness is
very significantininitial charging. The thicknesses before
and after secondary charging are 92.3 and 96, respec-
tively, in which the variation in thickness is 3.7. On the
other hand, in the electrode assembly subjected to the
heat press process according to an example embodi-
ment, a change in thickness is small in initial charging.
The thicknesses before and after secondary charging are
92.1and 92.7, respectively, in which the variation in thick-
ness is merely 0.6.

[0042] Thus, in the electrode assembly subjected to
the heat press process according to an example embod-
iment, the variation in thickness may be substantially re-
duced even in the initial charging. Thus, an electrode
assembly in which a positive electrode plate, a separator,
and a negative electrode plate are further stacked, as
compared with a general electrode assembly, may be
wound and inserted into the battery case having the same
capacity. Accordingly, it may be possible to improve the
capacity or volumetric efficiency of the secondary battery.
[0043] By way of summation and review, an electrode
assembly for a battery reaction in a secondary battery
may have a structure in which an electrolyte is immersed
into positive and negative electrode plates respectively
having positive and negative electrode active materials
coated thereon and a separator interposed therebe-
tween. The electrode assembly of the secondary battery
may be generally described as a jelly-roll type (wound-
type) electrode assembly and a stacked-type electrode
assembly according to structures thereof. Thus, a prism-
type secondary battery may be manufactured by accom-
modating a jelly-roll type electrode assembly or stacked-
type electrode assembly in a prism-type case.

[0044] In case of the jelly-roll type electrode assembly,
a jelly-roll may be pressed through a press before the
jelly-roll type electrode assembly is inserted into the
prism-type case. In this case, the jelly-roll may maintain
flatness to a certain degree at the time when the jelly-roll
is pressed, and then have a thickness thinner than the
initial thickness of the jelly-roll after an external force ap-
plied by the press is removed. However, the thickness
of the jelly-roll may return to the initial thickness to a cer-
tain degree. If the jelly-roll is inserted into a metal case,
the case may surround the jelly-roll by an external force
thereof, but the external force may not allow the positive
and negative electrode plates of the electrode assembly
to be sufficiently adhered closely to each other.

[0045] Therefore, in a case where an electrolyte is in-
jected into a prism-type metal canin a general secondary
battery, the charging state of the secondary battery may
be scattered or varied due to inequality of the distance
between positive and negative electrode plates, and
therefore, gas or the like may be generated. In this case,
the thickness of the secondary battery may be changed
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by the generated gas.

[0046] As described above, embodiments relate to an
electrode assembly and a manufacturing method of a
secondary battery using the same, in which a distance
between adhered positive and negative electrode plates
of a jelly-roll type electrode assembly may be reduced in
the secondary battery.

[0047] Accordingtoanembodiment, it may be possible
to maintain a state in which the positive electrode plate,
the separator, and the negative electrode plate in the
electrode assembly are maximally adhered closely to one
another.

[0048] Further, a change in thickness may be reduced
or avoided even in initial charging and secondary charg-
ing of the secondary battery having the electrode assem-
bly according to an embodiment inserted therein.

Claims

1. A method of manufacturing an electrode assembly
(100) for asecondary battery, the method comprising
the steps of:

forming a jelly-roll by sequentially stacking and
winding a positive electrode plate (110), a sep-
arator (130) having a polymer binder coating
thereon, and a negative electrode plate (120);
and

pressing the jelly-roll through a heat press proc-
ess.

2. The method of claim 1, wherein the polymer binder
is polyvinylidene fluoride (PVdF).

3. The method of claim 2, wherein the heat press proc-
ess is performed such that a ratio of a FT-IR signal
measured at a wave number of 796 cm-1 or 976 cm-!
representing an alpha phase of the PVdF to a FT-IR
signal measured at a wave number 841 cm-"! repre-
senting a beta phase of the PVdF is in the range of
1to 3.

4. The method of claim 3, wherein the ratio is in the
range of 1.5 to 2.5.

5. The method of claims 3 or 4, wherein the heat press
process includes pressing the jelly-roll with a pres-
sure of 100 to 500 kgf.

6. The method of one of claims 3 to 5, wherein the heat
press process is performed at a temperature of 80

to 130°C.

7. The method of one of claims 3 to 6, wherein the heat
press process is performed for 60 to 150 seconds.

8. The method of one of the preceding claims, wherein
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10.

1.

12.

13.

14.

a ceramic layer is coated between the separator
(130) and the polymer binder.

An electrode assembly (100) produced by the meth-
od of any of the preceding claims.

The electrode assembly of claim 9, wherein the pol-
ymer binder is polyvinylidene fluoride (PVdF).

The electrode assembly of claim 10, wherein a ratio
of a FT-IR signal measured at a wave number of 796
cm-1or 976 cm-" representing an alpha phase of the
PVdF to a FT-IR signal measured at a wave number
841 cm™! representing a beta phase of the PVdF is
in the range of 1 to 3.

The electrode assembly of claim 11, wherein the ra-
tio is in the range of 1.5 to 2.5.

The electrode assembly of claim 9, wherein

the positive electrode plate (110) includes a positive
electrode tab (111) coupled to an end of a positive
electrode collector, the positive electrode collector
having a positive electrode active material layer ther-
eon, and

the negative electrode plate (120) includes a nega-
tive electrode tab (121) coupled to an end of a neg-
ative electrode collector, the negative electrode col-
lector having a negative electrode active material
layer thereon.

The electrode assembly of claim 13, wherein the
positive electrode active material layer includes lith-
ium.
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